Mesh generation for process simulation is a difficult task, complicated by both the moving boundaries and the time dependence of the solutions. For both computational and ease of use reasons, automatic mesh generation and discretization error control is desirable. This paper describes an approach based on local error estimates to refine the mesh. This paper extends our previous work to two-dimensional problems.
Introduction
In the area of DC device simulation, several good algorithms for mesh adaption have been proposed. Bank and Weiser [ 11 have developed a means of estimating the local spatial truncation error which has been used successfully to develop a refinement strategy for device simulators [2] . This work can be used as a base to develop refinement algorithms for process simulation. A robust method utilizing automatic mesh refinement and higher order flux discretizations [3] for diffusion modeling has been developed for 1-D dopant simulation.
Flux Discretization Methods
The 1-D application of this methodology has been implemented and presented [4] . The dopant concentration errors of different flux discretization methods are compared and shown in Fig. 1 .a for a 60 minute diffusion at 1100 O C . The summation flux method assumes (N-1) nodes between the two actual nodes while the linear and logarithmic flux assume the dopant concentration gradients vary linearly and exponentially separately. The high order flux method is represented by S4 (summation method with N=4.)
The concentration errors in Fig. 1 .a show that the error near the tail portion has been largely reduced by using a higher order flux discretization method. This is due to the more accurate description of the diffusion flux which is smaller than a standard linear flux. The use of this advanced discretization method will improve the accuracy of the adaptive algorithm for dopant diffusion simulation. The contours computed by adaptive mesh and fixed mesh are shown in Fig. l .b, which indicates a shallower junction computed by this advanced discretization. Since in l-D simulation the adaptive grid method adapts to solve the profile accurately, the linear discretization method will be sufficient and appears preferable. However, 2-D simulation shows that the higher order flux method significantly improves the accuracy of dopant contours while maintaining fewer grid points. Therefore, the summation method will be an ideal option for flux discretization in two-dimensions.
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Automatic Mesh Generation and Adaption
A nodal error estimate in 2-D simplifies computation and applies both to mesh generation and adaption. Most of all, a novel mechanism for initial mesh generation during dopant implantation has been developed. This initial mesh generation will free users from manual mesh generation and automatically generate an optimal mesh representing an accurate initial dopant profile even for very nonplanar structures. The application of this new method is focus on the silicon layer in the following example structures. In Fig. 2 4 a Fig. 2 3 , a mesh for a recessed structure is easily generated by implantation onto a simple core mesh. It shows the high concentration area at the bottom of the trench where the mesh is fine enough to assure the dose conservation. The high concentration gradient area is also refined. The final mesh after 60 min. anneal at 1100 O C is shown in Fig. 2 .b. When compared with a fixed mesh simulation, the preliminary 2-D result [5] with this new methodology shows the increase of computation speed by a factor of 2.5 and better accuracy in the final dopant contours.
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A further illustration of oxidation on the structure in Fig. 2 is presented. Fig. 3 .a shows the final structure after oxidation without mesh adaption for dopant diffusion in silicon layer, while Fig. 3.b shows the same simulation with mesh adaption on silicon layer. This result of oxidation demonstrates the capability of mesh adaption for dopant diffusion with moving boundaries.
Conclusion
This paper shows an advanced scheme for mesh generation and adaption for dopant diffusion based on local discretization error estimates. This scheme allows fast and accurate simulations in two dimensions. 
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